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Determination of Intra-abdominal Pressure Using a
Transurethral Bladder Catheter: Clinical Validation
of the Technique

Thomas J. Iberti, M.D.,* Charles E. Lieber, M.D.,t Ernest Benjamin, M.D.%

The determination of intra-abdominal pressures (IAP) may be
useful in many clinical situations. The authors recently demonstrated
in the canine model a close correlation between actual IAP and the
bladder pressure measurements obtained from a transurethral cath-
eter. The purpose of this study was to clinically validate this tech-
nique, The authors studied 16 patients, and compared IAP in three
positions (supine, with compressions, and semi-erect) utilizing both
direct intraperitoneal pressure monitoring and the pressure obtained
with a transurethral bladder catheter. Their results demonstrated a
linear relationship between the two methods described, with a mean
r value of 0.95 in the supine and semi-erect positions, and 0.99 with
abdominal compressions (P < 0.0001). The authors conclude that
transurethral monitoring of bladder pressure offers a safe, simple,
and highly accurate method for evaluating IAP at the bedside. Studies
evaluating the indication for its use in the operating room and in-
tensive care settings appear warranted, (Key words: intra-abdominal
pressure; monitoring techniques.)

INCREASED INTRA-ABDOMINAL PRESSURE (IAP) may be
associated with a variety of clinical situations that may
adversely affect cardiac, renal, respiratory, and metabolic
functions.!~5 Despite this, the diagnosis of increased IAP
is infrequently made probably because the ability to mea-
sure IAP at the bedside is not available. Several authors
have used the pressure measurements obtained from an
indwelling transurethral bladder catheter to estimate
IAP.>® The reliability ‘of this method, however, has not
been demonstrated. Using a canine model, we validated
the accuracy of this technique over a wide range of ab-
dominal pressures. 7 In contrast to the dog, the human
bladder is an extraperitoneal organ, which raised ques-
tions concerning the clinical applicability of this techmque
The purpose of this study, therefore, was to determine
whether urinary b]adder pressure accurately reflects IAP
in humans,
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Materials and Methods

Postoperative patients with bladder catheters were en-
tered into this study if they had one of the following: 1)
closed system abdominal drain (“Jackson Pratt Type")
placed intraoperatively, or 2) required paracentesis. Pa-
tients were excluded if they had a history of bladder dis-
ease or an open abdominal incision. The study was ap-
proved by our Investigational Review Board. All patients
or responsible family members signed written consent
prior to the study.

Using sterile technique, an average of 250 ml of normal
saline was infused through the urinary catheter to gently
fill the catheter tubing into the bladder and eliminate air
in the drainage catheter. With the bladder catheter to
gravity drainage to avoid increasing bladder pressure, the
catheter was then clamped distal to the sampling mem-
brane. A 20-gauge needle was inserted through the cath-
eter sampling membrane and the bladder catheter pres-
sures were transduced using 84-inch arterial pressure
tubing (Sorenson Research, Salt Lake City, UT), and
Gould disposable transducers (model TXXR, Gould Inc.,
Oxnard, CA). Pressure measurements from the abdom-
inal drains (or paracentesns catheter) were obtained using
the same monitoring techniques. The closed system drains
required instillation of saline to clear air from the cath-
eters. Transducers for the bladder catheter and abdom-
inal drain were zeroed at the level of the pubis. Pressures
were displayed and recorded (fig. 1). After a 2-min equll-
ibration period, both the intra-abdominal and urinary
bladder pressures were recorded in the supine posmon,
supine with gentle manual abdominal compression, and
semi-erect (45° angle). The pressures varied freely with
respirations; therefore, all data were recorded as mean
pressures at end-expiration (fig. 2).

The data were analyzed for linear regression and cor-
relation using the SAS REG procedure of the SAS per-
sonal computer statistical package (SAS Institute Inc.,
Cary, NC).

Results

Sixteen postoperative patients were studied, 12 females
and four males (mean age 74 =+ 3 yr). Fourteen patients
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had a closed-system drain placed intraoperatively, and two
patients underwent diagnostic paracentesis while in the
intensive care unit (table 1). Ventilation was controlled
in three of the patients. Forty-six separate measurements
were taken in the supine and semi-erect positions, and
supine with abdominal comipressions, Patients 3 and 4 did
not have semi-erect pressure measurements because of
hemodynamic instability. Patient 6 was restless at the time
of pressure determination with abdominal compression,
and a satisfactory recording was not obtained (table 2).

The correlation between the two methods of IAP eval-
uation was r = 0.91 (P < 0.0001) independent of patient
position. With compression, the correlation was r = 0.99
(P < 0.0001) (fig. 3). '

Discussion

The results of this study demonstrate that bladder
pressure and intra-abdominal pressure are nearly identical
in humans; Over the range of intra-abdominal pressures
measured, the transurethral catheter provides an accurate
measurement of IAP, and provides validation for'a new,
simple bedside monitoring tool.
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Normal intra-abdominal pressure is 0 to subatmos-
pheric.?? Elevations in IAP will occur when the distensible
component of the peritoneal cavity (peritoneum, abdom-
inal muscles, and diaphragm) become less compliant. This

can be secondary to increased intra-abdominal volume
(i.e., ascites, abdominal tumors, and pneumoperltoneum)
or from extra-abdominal pressure (i.e., military anti-shock
trowsers), 1011 At such a time, direct compression of all
abdominal components occur, venous return from the
lower extremities is impaired, and intra-abdominal pres-
sure is transmitted via the diaphragm to the thoracic cav-
ity.>!2 Perfusion pressures (mean arterial pressure—mean
venous pressure) to intra-abdominal organs, the abdom-
inal musculature, peritoneum, and the diaphragm-are re-
duced to the degree of the IAP elevation.

Most of the currently available data regarding the
pathophysiology associated with elevated IAP come from
animal models, and these can be summarized. When the
IAP rises above 25 mmHg, there is evidence of significant
changes in hemodynamic, respiratory, renal, and meta-
bolic functions.®!® Cardiac output, left ventricular con-
tractility, and stroke volume are reduced; and systemic
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FiG. 2. Example of simultaneous monitor

strip comparing both methods (IAP = intra-

abdominal pressure using a closed system

drain; IBP = intra-bladder pressure usmg a

transurethral catheter) in a patient supine and

SUPINE — ABDOMINAL COMPRESSION

with abdominal compressions. The strips were

run at 25 mm/sec speed, and the pressures as
shown by standardization bars at left of each

strip are 0, 10, 20, and 30 mmHg.
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TABLE 1. Patient Characteristics and Method of Measuring Intragastric Pressure (IAP)

Patient Number Age Male/Female Surgery IAP Method
1 89 F Gastrectomy Closed system
2 61 M Cholecystectomy Closed system

3 96 F Laparotomy Paracentesis
4 78 F Duodenal ulcer oversew Closed system
5 83 F Esophagectomy Closed system
6 82 F Esophagectomy Closed system
7 86 F Abdominal abscess drainage Paracentesis .
8 74 M Cholecystectomy Closed system
9 78 F Cholecystectomy Closed system
10 76 F Cholecystectomy Closed system
11 73 F Esophagogastrectomy Closed system
12 66 M GastrOJe_)unostomy Closed system
13 74 F Ovarian carcinoma debulking Closed system
14 75 F Colectomy, splenectomy Closed system
15 70 F Gastrectoiny Closed system
16 80 M Gastrectomy Closed system

vascular resistance, central venous pressure, and pulmo-
nary artery wedge pressure increase.*® Mean arterial
pressure and heart rate are usually unaffected.®” Systemic
blood flow is redistributed so that a higher percentage
cardiac output goes to the upper extremities, and a lower
percentage to the abdominal organs and lower extremi-
ties.? These hemodynamic changes are helghtened in the
hypovolemic animal.*!*

Animal data have revealed significant decreases in ar-
terial oxygenation and pulmonary blood flow with in-
creased IAP.* Of particular importance is that the addition
of positive end-expiratory pressure markedly increases the
detrimental effect of IAP on cardiac and pulmonary
function,"*!5 Experimental models of increased IAP have
also documented a reduction in renal perfusion pressure,
changes in renal blood ﬂow, and decreases in g]omerular
filtration rates.® Oliguria/anuria have been experimen-
tally produced with elevation of abdominal pressure.®!®

Elevations of IAP above 30 mmHg have been com-
monly reported in a variety of clinical conditions often
encountered in seriously ill patients.!"1® Despite this, few
clinical studies mvolvmg ‘elevated IAP exist due to the
perceived need for invasive perltoneal monitoring. From
case reports and studies performed in patients receiving

peritoneal dialysis or using military anti-shock trousers,
it appears that increased IAP has similar physmloglc effects
as those described in the experimental models.!*'820 A
recent study in a select group of surgical patients docu-
mented anuria when the IAP was greater than 30 mmHg
and a reversal with lowering of the abdominal pressure.'
Cerbona et al. investigated the hemodynamlc and renal
consequences of performing paracentesis in a group of
15 cirrhotics with tense ascites.*! A reduction of the mean
IAP from 33 £ 15 to 17.1 + 8.5 cm HyO resulted in a
significant decrease in blood urea nitrogen and systemic
resistance, and an increase in creatinine clearance, cardiac
index, left ventriculir stroke work, and arterial-venous
oxygenation difference.

As demonstrated in the present study, monitoring IAP
in seriously ill patients is basically noninvasive, with no
associated risks, since the majority of these patients have
existing bladder catheters. The procedure is technically
simple, and there were no complications in the patients
studied. Attention should be paid to respiratory variatioris,
and the need to partially fill the empty bladder, to insure
a fluid column in the catheter. Although no patient had
extremely high IAP (>30 mmHg), our previous study in
dogs demonstrated that the bladder catheter technique

ABDOMINAL PRESSURE vs BLADDER PRESSURE
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accurately represented IAP to intra-abdominal pressures
as high as 70 mmHg.”

The role of IAP monitoring has not been clearly de-
fined. In cases of pressures greater than 20 mmHg asso-
ciated with anuria, intervention to reduce the IAP appears
warranted. The use of positive end-expiratory pressure
in patients with concomitant increased IAP and low output
states or respiratory insufficiency needs to be closely eval-
uated. Due to the accuracy, simplicity, and low cost of the
described technique, prospective randomized studies
evaluating the effects of IAP in critically ill patients should
be performed. It is conceivable that recognition and pos-
sible mampulatlon of this parameter may be useful in a
wide range of clinical situations. -
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